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Biomedical and Related Life Support Aspects
of the Soyuz 12 Mission

‘3Proic‘ct Officer

PRECIS

- One objective of the Soyuz 12 mission, launched 27 September 1973,
uppurently was to dctermme whether modifications made to equipment
and procedures following the catastrophic failure of the Soyuz 11 cabin
pressurization system would- alleviate the problems encountered in the
carlier mission. All modifications appeared to serve their purposes. and no
adverse biomedical effects attributable to the equipment were noted from:

\:’m publlshcd Sovict‘ reports,
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PREFACE

~ Piloted by physician-commande: | L.t. Col. Vasily Lazarev who was
ussisted by engincer-cosmonaut Oleg: Makarov, Soyuz 12 began a 2-day,
carth-orbital flight on 27 September 1973, This was the first space mission
for both men. The Soyuz 12 mission marked the reinitiation of Sovict
manned space flights after a 27-month hintus following the fotal accident
aboard the Soyuz 11 ﬁpucccru‘ft During the mission the crew checked the
integrity of th(‘ pressurization system und tested new space sults carried as
additional protection against dvcnmprmsmn (the cause of the Soyuz 1!

deaths). They continued with tests of the docking mechanism und
conducted a variety of maneuvering and attitude control operations. The
Soviets rcp()rtcd thut extcmlvc scientific experiments in photography,

relating to an carth resources survey, also “were undertaken. On 29
September, Soyuz 12 landed sufely!in the normal recovery arca. The
improved Seyuz model tested uppurcntlv is intended for joint operations
with an advanced space statmn mthnr than for the Apollo-Soyuz Test
Project (AS:P) P ' .

lnformutlon q i was compared with published Soviet

medical data for the Soyuz 12 flight to determine the status of cosmonaut
health throughout the mission and to make an assessment of the adequacy
of the life support syster. Dutu on Soviet biomedical monitoring techniques
for the Soyuz 12 are given in an uppc‘mlix.

i

IThis report was prepared by the OUtlice of Scientilic

Intelligence and coordinated within CIA. The cutoff date for information is
August 1974, but informution lhmngh April 1975 does not change the
conclusmns ‘
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BIOMEDICAL AND RELAT'ED LIFE SUPPORI’ ASPECTSI

R OF THE SOYUZ 12 MISSLON
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mission, | | i
’ ' ! kL
. - I

One of the r major objectivcs of the Soyuz 12 anmn\
appears to have heen to demonstrate the a adequacy of
dcsign and procedural modifications made after, thol
catastrophic loss of Soyuz 11 cabin’ prcwurl?ull(m'
during reentry. All modifications uppeared to serve|
their purpose, and no adverse ‘biomedical effects,

attributable to  the equipment “were noted from

|:|publlshcd Soviet reports,

: The environmental control system, - which was
similar to that in other Soyuz models, appeared to:
function satisfactorily while maintaining comfortable
and safe atmospheric conditions throughout the
mission, Space suits were worn by the crew during
launch, on initial and final orbits, ond during descent
as additional protection against accidental loss of
atmospheric pressure. The crew devoted much more
time to checking hatch seal integrity than on previous
missions. Soviet space aathorities reported that the
valve adjucent ta the hateh seal had been redesigned,

Space suits appear to be indispensable to flight
safety on future missions aboard this spucecraft. Since
the Soyuz spacecraft is large enough to seccommodate
only two cosmonauts in pressure suits, prospects are
good for continuation of the two-man crew
configuration.

The Soyuz 12 pilot, Lt. Col. Vasily Lazarev, is a
physician cosmonaut who had been rejected
‘previously  for space service on medical” grounds.
Luzarev experieneed a notable but not life threatening

cardiac opiwdv during orhit 1; | |
[N | 1 £ a 1 ' B4 Vo o
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- To evaluate’ bl()medlcul und rolalcd hfc-support aspects of the Soyuz 12

|

SUMMARY AND CONCLUSIONS

| i

|

Fhe second crewman,
i()l(‘g Muakarov. is u qualificd Might rngineer and had
no medical problems. Both crewmen experienced
,rclutlvcly high heart rates during launch. Both

icosmonauts reported a respiratory episode, occurring .

carly n flight, in which both paradoxically
experienced a desire to inhale deeply at & time when
'thcv felt that thei. chest cavities were overfilled. These
eymptoms apparently have not been experienced
prcvmn«ly in cither the US or Soviet space program
and no explanation has ‘been found for them,
Spacecraft environmental parametcrs at the time do
not indicate anv external cause. The space suits
apparently were not involved since they had been
removed earlier.

The crew adjusted to weightless conditions but
apparently experienced the usual vestibulare problems
noted on other flights, The cosmonauts’” performance
was at all times adequate to carry out their assigned
tasks, although they reported that they were casily
fatigued. After descent, readaptation to gravity
appeared to be normal,

The choice of a physician and an engineer, both
trained observers, as the crew for Soyuz 12 seems
rspecially appropriate because this mission was the
first flight test of space suits and engzincering
madifications incorporated to resolve vital environ-
mentul control problems. After a 27-month hiatus in
Soviet manned space flights, the mission was crucial
for reestablishing Soviet confidence in their capability
for continuing manned spuce operations,

|
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DISCUSSION

BIOMEDICAL ASPECTS
Medwal Aclwntics

There is no evidence t() su;,,;,vﬁt that any slgmflc'ml
biomedical rescarch tasks were undertaken during the
18-hour fligit of Soyuz 12. Because the pilot-
commander, Lt Col. Vusily Lazarev, is ulso a
phisician, however, the Soviets made use  of his
apability for medical observations, termed “self-
monitoring,” not carried out on previous Soyuz flights
(see figure 1). The only event thought to be new or
significant was same respiration difficulty experienced
by, both crewmen that has. never heen previously
reported by Soyuz cosmonauts.! ? In general, both
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men .ldjust(‘d to the weightless conditions of ﬂu;.,hl Imt
not.without the usual vestibular and fluid distribution

"pmblmm"oxporl(‘n('(-d by other cosmonauts during

flight. The performance of the Soyuz 12 crew was at
“alll times . adequate to carry out assigned  tasks,
.llth()m,h both reported that they were easily fatigued.
Postflight readap*ation to gravity appeared o lw
normal.?

'

lh:;a:rt Ra(c .

Both.cosmonauts experienced some inerease in heart
rate in the curly phases of the mission (see figure 2).
During orbit 1, while the crewmen were still in space
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Figure 2. Heart Rates of Crew During the Mission

suits, Lazarev experienced cardine archythmia which
appears to have resulted from supraventricular ectopic
beats, either atrinl or junctionul; post-ectopic
overdrive was minimal. If the monitored arrhythmia is
pathological in nature, it could probably be controlled
by deugs  such  us  propranolol  hydrochloride,
there is no indication that any drugs were
administered in flight. Drugs could conceivably have
been self-preseribed and admirastered by Lazarev asa
physiciun, with or without consultation with Sovict
medical officers on the ground,!

The runs of apparent supraventricular ectopic beats

“experienced by Lazarev ais attributed to extracardial

factors und not to myocardial pathology. Lazarev also
reportedly experienced extrasystoles under physical
load during ground training. Lazarev failed to puss the
cosmonaut physical examination requirements twice

before he was accepted. It is not known, however,.

what the medical grounds for rejection were.?

During the four orbits after the episode of cardine
arthythmia and during a large part of the total
mission, both crewmen had their  blomedical
instrumentation unpluggee.
contury to good biomedical procedure considering the
curdiace episode of the pilot durlng orbit 1. Lazarev
undoubtedly, knew that he ‘was experiencing
tuchycu din and concelzably could have unplugged

i
his medical monitors purposefully and thus have !
Iprevented ground controllers from observing cardiac

| | |

This would appear

“anomalies which might have been cause to shorten or
ubort the mission,

Respiration

A Soviet 1eport stutes that approximately three and
‘one-half hours into the flight, the physician-
cosmonaut Lazarev, and then the ship's engineer
Makarov, noted a never-before-reported sensation—
overfilling of the chest cavity—accompanied by a
sensation of respiratory inndequacy. As expressed by
the ship's commander, 1 wanted to inhi vell and
take several breaths.” The Soviets attributed this
difficulty to sensations ‘“ussoclated with blood
redistribution to the head and in the central region of
the body.”? Y |

r y S———

[ —1In plotting rate trends

from available data, however, the rates never seem to

be abnormally high in comparison with those from

past flights (see figure 3).4 8
| P .

[Mlld_l It is Tikely that this difficulty was duc to
Temporary  pulmonary/vascular congestion (edema)
finduccd by the weightless environment.

Prc- and Postflight Examinations

Lazarev and Makarov underwent routine pre- and
postflight physical examinations and tests for the 2-
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‘day mission.? According to the Soviet medical report,

these medical examinations were ci»n(luctcd,ut the
following intervals: l ;

Fostflight

| Preflight
: 170 days Upon landing
150 days 3-4 hours
60 days 16-18 hours
235 days 2 days
. Sdays 3 days
3 days 2 weeks

IFlignt day

A comparison of postflight results published by the
Soviets with previously published Soviet data on other
space flights reveals that postflight bleod sodium
levels of Soviet cosmonauts normally show an inerease
of 4 to 19 percent. Data on the Soyuz-12 crew,
however, show decreases in bload sodium of 9 percent

o

Figure 3. Pressure of Spacel%Suif

4

!

- ' .
s and Atmosphere in Soyuz 12

for one cosmonaut and 11 percent for the other. The
crewmen also had o postflight decrease in blood
“osmolarity. Apparently, the Soyuz-12 crew was better
hydrated in flight than crews of other space flights.

LIFE SUPPORT ASPECTS
Environmental Control System and Pressure Suits

The environmental contro! system (ECS) of Soyuz
12 appears to have been similur to those used on
previous Soyuz flights. It is also similar to the ECS
expected to be used aboard the Soyuz spaceceaft for
the ASTP mission. No obvious changes in ECS
operations were apparent on Soyuz 12 from other
Soyuz flights. USSR space nuthorities reported that the
valve adjacent to tha hatch seal had been redesigned
following the Soyuz 11 failure.®
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Major subsystens of the ECS nclude: (1) a
“regencration unit” which provides an exchange eyele
for the respiration products of the crew by releasing
oaveen and absorbing carbon dioxide and  water
vapor. (2) a temperatare contral system which
transfers heat from habitable compartments to space
by means of heat exchanges, liquid -loops, and
radiators; and (3) compressed air supplies which
replenich atmospherie losses due to leakage. Airsupply
containers are imstalled in the deseent module only, # 7

Pressure suits were worn by the erew during the
Lranch and final descent phases of the mission. From a
photograph of the Soyuz 12 crew in pressure suits (see
figire 1), the pressure suits appear to be similar to the
suit worn by Cosmonant Leonov on Voskhod H in 1965,
The external configuration of the helmet and the
aiticulation of the arm and shoulder joints bear a very
close resemblance to the Voskhod suit. Both the Voskhod
and the Soyuz 12 suits were aho articulated at the
waist, hips, and knees, and while both suits appear
similar there is insufticient det=il in the picture to
make o comparison of these features. The level of
techuowogy  apparent from  the shoulder joint
contiguration indicutes that the pressurized Soyuz 12
suit probably imposes : evere limitations on movement
similar to  that experienced by Leonov in the
pressurized suit on Voskhod 11, # 9

Since the Soyuz seating arrangement, and
particularly the couch design, were predicated on a
three-man crew dressed in lightweight flight clothing,
there was not enough: space to accommodiite the
nermal erew wearing space suits. The size of the crew
was reduced o two cosmonauts and available space
wis apportioned to provide sufficient. volume for
installing the suit control system near th ew 101

- Critical ECS operations twok pl. s usual soon
after orbital injection and again priot to descent and
were performed  without incident (see table 1),
Lazarev and Makarov had donned their space suits
before faunch and wore them during powered flight
and throughout insertion into orbit. During this time,
the inner hatch was clused, sealing the crew in the
abin. The' cabin ECS maintaiaed normal at-
mospheric conditions. Since the orbital compartment
was unoccupicd during the period when the inner
hateh was closed, the regeneration unit in the orbital
module was not operated.?

The crew pressurized their suits (having veated
them previously to the cabin atmosphere) for a period

5

Figure 4. Soyuz 12 Crew in Pressure Suits

of about 10 minut~s beginning at 14057 during orbit
I, in preparation for entering the orbital module.
While protectcd in this manner against the effects of
accidental decompression, operations were initiated to
test the orbital module cuter hateh mechanism. When-

ﬁﬂféFf
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Soyuz 12 Environm§
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Table 1. .

ntal Control Operations

'
!
! i

! - coe r
‘ ! I
i

|

_ Regeneration Unit

| st 1o Mot o e it o et e

AN B .o i oo 1 v Descent . Orbital  loner
Flight Phase - - (lv)ate -Sp'ace-Sultsg : Module Mundule ‘Hatch
Launch, .. ... .. ..... 278ep73 ~ On, prm-;lurlml ! T Oonm . ofr Cloced,
P : : oo ST “sealed
Orbit' 1.......o..ve.. 27S8ep 78 Repressurized during  Off at On at Opened at
Lo S C M05-UNSZ; res 14142 MU1IZ 14222
i o ! moved after 14157 S
Orbit;28............." 208ep73  On, pressurized during On at On Clored,
| : o ~ 0R01-1818Z, | 0740- sealed
| 1 . ) : i i : P 07412 ] at 07147
f Retro and separation... 29 Sep 73 On, proséuriz«;d On On Closed,
; : ' ; i ' senled

i

i

i A |
i i ‘ o
| ' .

that hatch app=ared to be securely locked and sealed,
the 'orbital module regeneration unit and related ECS.
components were activated and the inner hatch was
opened without ineident. The orbital compartment
regeneration anit was activated and the cabin unit
was shut down according to plan. The crew then
depressurized and subsequently removed their space
suits.

During orbit 28 on the last duy of the mission, the
cosmonauts prepared for reentry by switching on the
cabin ECS (07407) and closing and sealing the inner
hateh (07412). To check the hatch seal, pressure in the
orbital module was reduted about 20 pereent, but the’
regeneration unit was kept in operation, By 08137 the
crew had it on and pressunzed their suits.[ ]

ECS and suit operations throughount the mission:
appeared to be normal and satisfactory. There were no
difficulties noted nor any evidence of hardware:
malfunctions. The extra protection provided by space
suits ‘during crucial flight operations appears to be
important cnough to have outweighed the disadvan-
tages of reduced mobility from wearing the snits or of
having to remove and stow them when not in use. For
this reason, the Soviets are expected to continue’
providing space suits for costizonaut crews of future
Sovuz spucceraft.

cnr

i
Atmospheric Conditions

Oxygen partial pressure increased gradually after
lnunch on the Soyuz 12 flight, as it has during other
Soyuz ‘missions, '? ¥ Pressure reduction in the orbital
module is known to have occurred in preparation for
descent. Figure 5 shows that orbital-module pressure
was reduced from about 830 mmHg to 670 mmlilg
during orbit 28 to check the integrity of the inner
hatch seal. As usual for retro ignition, orbital-pressure
was vented to zero preparatory to separation of the
modules during descent.?

High-pressiee conditions indicated {or the descent
module at the beginning and near the end of orbital
flight are thought to be related to manifold pressure in
the space suit system. These indications changed
abruptly, which is characteristic of digital steps and
suggestive of switching operations  between  two
pressure vessels, such as between the cabin and the

~space suit manifold. The latter apparently was

regulated at a pressure differential of about 0.28
atmospheres above module pressure. This differential
pressure coincides with the minimum spuce suit pres-
sure recorded during Leonov's EVA on Voskhod 2,14
A minimum pressure of 0.28 atmospheres would be
high enough to protect the crew in the event of cabin
depressurization, yet low enough to prevent
immobilization of the cosmonauts at normal descent-
module pressure,
i
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